Previous studies comparing stress and human immune responses haveproduced conflicting results because of different samples, different immune measures (principally lymphocyte response to mitogens, such as PHA, or natural killer cell activity (NKA), and inadequate attention to the effect of neurovegetative symptoms of depression. Although reduction in one or other measure of immunity has been demonstrated in recently bereaved subjects and students under examination (Bartrop eta!, 1977; Naor eta!, 1983; Schleifer eta!, 1983; Linn et a!, 1984; Irwin et a!, 1986; Kiecolt Glaser, 1984; Locke eta!, 1984; Glaser eta!, 1986), the evidence for depressed patients is conflicting, with four studies showing reduced immune response (Kronfol et a!, 1984; Schleifer et a!, 1984 with the degree of reduction in immune response (Kronfol eta!, 1984; Irwin eta!, 1986 Irwin eta!, , 1987 Schleifer eta!, 1989). Following bereavement, the reduction of immune response was confmed to depressed subjects in one study (Irwin et a!, 1986) . In stressed normal subjects it was only the â€˜¿ poor copers' who showed reduced NKA; â€˜¿ good copers' showed the opposite response, having an enhanced immune response (Locke et a!, 1984). If depressed mood does correlate with immune response, it is not clear whether weight change or sleep loss would be key intervening variables.
as PHA, or natural killer cell activity (NKA), and inadequate attention to the effect of neurovegetative symptoms of depression.
Although reduction in one or other measure of immunity has been demonstrated in recently bereaved subjects and students under examination (Bartrop eta!, 1977; Naor eta!, 1983; Schleifer eta!, 1983; Linn et a!, 1984; Irwin et a!, 1986; Kiecolt Glaser, 1984; Locke eta!, 1984; Glaser eta!, 1986) , the evidence for depressed patients is conflicting, with four studies showing reduced immune response (Kronfol et a!, 1984; Schleifer et a!, 1984; Irwin eta!, 1987 ;Darko eta!, 1988), and two not (Albrecht eta!, 1985; Schleifer eta!, 1985) . In most studies the degree of depression has been significantly correlated with the degree of reduction in immune response (Kronfol eta!, 1984; Irwin eta!, 1986 Irwin eta!, , 1987 Schleifer eta!, 1989) . Following bereavement, the reduction of immune response was confmed to depressed subjects in one study (Irwin et a!, 1986) . In stressed normal subjects it was only the â€˜¿ poor copers' who showed reduced NKA; â€˜¿ good copers' showed the opposite response, having an enhanced immune response (Locke et a!, 1984) . If depressed mood does correlate with immune response, it is not clear whether weight change or sleep loss would be key intervening variables.
Weight change and sleep disturbance have been considered in only one study. Irwin et a! (1986) showed that NKA was reduced in recently bereaved subjects compared with controls even when sleep loss and weight change were controlled. NKA reduction was also significally correlated with depressed mood, although correlations with sleep and weight
were not recorded.
The aim of the present study, rather than compar ing depressed subjects with â€˜¿ control' subjects, was to test the hypothesis that immunity, as measured by lymphocyte mitogenesis, was more closely correlated with degree of depressed mood than with sleep loss or weight change in subjects with a depressive illness and in subjects anticipating bereavement.
Method
Two groups of subjectswererecruited.Group A comprised out-patients referred to a psychiatry department with a diagnosis of DSMâ€"III major depression (American Psychiatric Association, 1980) . Group B were spouses of severely ill patients attending an oncology clinic with lung cancer.
No subjects had a history of recent medical illness nor had taken over the previous three months any drugs thought to interfere with immune function, except two subjects in group A and three in group B who were taking benzodiazepines at the same dose they had taken for several years.
Nine healthy volunteers from staff at Withington
Hospital, Manchester Royal Infirmary, and Manchester
Polytechnic were recruited as a control group for the assay method; they were not depressed and reported no recent stressful life events.
Psychiatricsymptomsweremeasuredusingthe Hamilton
Rating Scale for Depression (HRSD; Hamilton, 1967) VariableGroupA ( The subjects were weighedand the difference between current weightand the stable body weightwas expressed as the percentagechange from baseline weight.
Informationwascollected on the following: physical health (particularly any recent infection), smoking, alcohol con sumption,drug usage,changesin levelsof physicalactivity, changes in diet, and recent changes in circumstances.
All patients signed a consent form; in group B consent was also obtained from the responsible doctor and the spouse. All interviewswere performed between9.30 a.m. and 10.30a.m., in the out-patient setting, so that blood could always be taken at the same time of day. Blood (10ml) wasobtained by venepuncturefor immunetesting.
Blood was taken from the healthy volunteers on the same morning as subjects from groups A and B, and analysed at the same time, to assess the validity of the immunological procedures.
The immune response was measured by lymphoctye stimulation with the mitogen phytohaemagglutinin (PHA), a test of T-cell-mediatedimmunity.
Peripheral blood lymphocytes were isolated and suspended in standardRPMI medium(Flow laboratories)in multiwell plates as previouslydescribed (Albrechtet a!, 1985) .For each sample, nine replicates of 1x l0@lymphocytesper wellwereculturedwithPHA at a concentrationof 1 @mol/l, with nine medium-onlycontrols. The cell cultures were incubated at 37Â°C in an atmospherecontaining lO% CO2 for 42 hours, at whichtime0.1 ml of a solutioncontaining 10 sCVml (370 kBq/ml) of 3H-thymidine(Amersham)was added. The cell cultures were incubated for a further four hours before termination. The cell cultures were harvested as decribed by Weir (1978) . Lymphocyte activity was taken to be related to DNA synthesisas measured Lymphocyteactivitywasexpressedas the ratio of mean PHA culture counts to mean control counts, known as the stimulation index (SI). A low SI indicates a low level of lymphocyteactivity.
The SI was correlatedusing the Spearmanrho test with the following measures:scores on the BDI, the HRSD, the HRSD minus its sleep items subscore, weight change, age, reported alcohol consumption, and smoking. BDI scores from groups A and B combined were transformed by squaring, and the regression curve with the log of the SI values was calculated.
To ensure that the results of immune testing were notaffectedby systematic assay errors,theerrorestimates for the SIs were calculated and the SIs of the healthy volunteers were compared and correlated (Spearman's rho) with the SIs of subjects from groups A and B measured at the same time.
Resufts
Group A comprised 11 subjects (10 women, 1 man), of median age 36 years (range 21â€"57). One subject was omitted from analyses of depression, sleep and weight variables because of being subsequently found to have been on antidepressants. Group B cojnprised 8 subjects (7 women, 1 man), of median age 55 years (range 44â€"65). Table 1 summarises the mean scores for the variables assessedin each of the groups. All group A (depressedpatients)exceptone subject had HRSD scoresgreater than 15,all but one had BDI scores greaterthan 14, and all but two had impairmentof sleep; only three had lost weight. (Three subjects did not know their premorbid weight, and so their weight change could not be calculated.)
In group B only one subject scored more than 15 on the HRSD and only one scored more than 14 on the BDI.
Four reported sleep loss, four had gained weight, and one had lost weight.
Immune responses, as measured by the SI, were compared with a range of variables using Spearman correlation coefficients. The fmdings are summarised in Table 2 . For group A there was a significant negative correlation betweenSI and BDI score and HRSD scoreexcludingthe Measures of sleep and weight depended to some extent on self-report by subjects. Finally, it is possible that there was selection of subjects in group B, who might have been considered â€˜¿ copers' by the doctor caring for the ill relative; â€˜¿ non-copers' might have been protected from such an investigation. If such selection was operative, the two groups represent extremes of a continuum: group A were moderately/severely clinically depressed, and group B were under great stress but coping well. This might have heightened the difference between the groups, but reservation has to be expressed about combining the two groups for the regression analysis.
Although the number of subjects was small, some interesting results have emerged. There was a significant relationship between the immune response and measures of depressed mood, and in common with Irwin et a! (1986) this seemed to be a direct correlation, rather than due to changes in sleep pattern or weight. The different relationship between immune response and degree of depression may help resolve the inconsistencies of previous studies. All the previous studies have attempted a simple comparison between experimental subjects and controls. If there were a complex relationship. such that immune response might be raised or lowered in response to depressed mood, depending on severity, or other determining factors, then a simple comparison might be unable to demonstrate this.
As with previous studies of depressed patients, we sleep items. There were no significant correlationsbetween SI and sleep score, weight change, smoking and age. Alcohol consumptionwas negligible:no subjectdrankmore than 5 units per week.
A different patternemergedfor group B. BDI score was significantly positively correlated with the SI although the positive correlations for HRSD score and HRSD excluding sleep were not significant.
None of the other variables were significantly related with the SI.
There was no significantcorrelationbetween SI and BDI or HRSD scores for the combined group (A and B). Age and weight change were negatively correlated with SI, that is, increasing age or weight was associated with decreasing SI, but both fell just short of significance at the 5% level.
Taking the combined group, a regression curve related the log of the SI to a quadratic function of the BDI scores. The curve accounted for 48.8% of the residualsum of squares and was significant (Pcz 0.01). (There was no pattern in a plot of the residuals.) Such a curve would describe an inverted â€˜¿ U' shape.
Discussion
This is the first study to include both a clinically depressed group and a â€˜¿ stressed' group (anticipating bereavement). There was a significant negative correlation between SI and BDI score in the depressed group, and a significant positive correlation between SI and BDI score in the group anticipating bereave ment. Thus in subjects anticipating bereavement, increasing depression was associated with an enhanced immune response, but in subjects with clinical depression the reverse pattern was found. From the groups combined, there appeared to be a significant curvilinear relationship between BDI score and SI, following an inverted â€˜¿ U' shape, with decreased immune response found for mild is trivial compared with those associated with infection. This means that changes observed in the immune system in depression are more likely simply to reflect the biological changes that occur in depressive illness rather than providing a link between depression and overt physical disease.
In conclusion, this study has suggested a relation ship between immune response and degree of depression which may help to clarify the conflicting findings of previous studies and indicate a specific hypothesis to be tested in future studies. A larger sample size is required, although difficult to achieve if all relevant factors which might affect immune tests (e.g. drug-free, non-smoking, constant level of exertion, age-matched groups) are considered. Longitudinal measures on the same patients are desirable to correlatechanges in clinical and immune variables. Measures of â€˜¿ coping' and â€˜¿ helplessness' would also appear to be indicated, in addition to measures of clinical depression.
